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 １	 論文題目（英文の場合は，和訳を付記すること） 
Amplification of Ionic Conductivity by Polystyrene-sulfonic Latex Suspensions to 
Explore Structure of Electric Double Layers 
	 	 電気二重層の探査を目指したポリスチレンスルホン酸ラテックス懸濁液
によるイオン伝導度の増幅	  
 
 
	 ２	 要	 	 旨（和文 2,000 字程度又は英文 800 語程度にまとめること。） 
Electrochemical signals can be obtained without obstacle of solution resistance when 
solution contains indifferent electrolytes. But, recently, some novel electrochemical technologies 
prefer salt free or hypohaline cell. In which exemplified by: salt free electrolysis, electric double 
layer capacitor etc. Unfortunately, electrochemical behavior at low ionic concentration is difficult 
to be observed because current-voltages are complicated by solution resistance. The difficulty is 
predicted to be overcome by use of large multi-charged ions such as polyoxometalate and ionic 
polymers. The ionically condensed polymers are polystyrene - polystyrene sulfonic latex (PSS) 
particle. Its conductivity of the aqueous suspension is determined by ac-impedance measurements 
at two platinum wires which can avoid participation of electric double layers or adsorption of 
latex. PSS can provide conductivity higher by 100 times than that of dispersed ions. 
Consequently, the voltammetric oxidation peak of hydrogen gas was observed in the suspension 
which contains only 0.01 mM ions. The effective amplification of the conductivity is extended to 
measurements of electric double layer capacitance at extremely low ionic concentrations. The 
observed capacitance is composed of the Helmholtz layer capacitance, CH, and the diffuse layer 
capacitance, CD, in a series connection, in which the observed capacitance is determined by the 
smaller of CH or CD. Use of PSS allows us to evaluate CD although CH is predominant to CD in 
conventional measurements. So we can discuss the composition of electric double layer at 
diffusion layer farther. 
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Chapter 1 includes introductions of polystyrene-sulfonic acid latex suspensions, impedance, 
conductivity, voltammogram, and composition of electric double layer. The experimental 
procedures are described in chapter 2. The following chapters are devoted to the conductive 
mechanism of polystyrene-sulfonic acid latex suspension (Chapter 3), voltammetry supported by 
ionic latex suspensions (Chapter 4), and composition of electric double layer in low concentration 
ionic latex suspensions (Chapter 5), Conclusion is given in Chapter 6. 
Chapter 3 deals with the conductive mechanism of the deionized Polystyrene- polystyrene 
sulfonic latex suspensions. Our experimental result is supported partially by the thermodynamic 
theory that the conductivity should be proportional to squares of the charge number, z, per ion, 
where the net charge number of the sulfonate latex is of order of 105. In contrast, the ionic 
conductivity of the latex seems to be rather small because the diffusion coefficient, D, of the latex 
core is much smaller than D of hydrogen ion. In order to respond to this competition between z 
and D, we synthesized four kinds of polystyrene sulfonic latex, ranging from 1 to 3 µm in 
diameter. The conductivity of the deionized suspensions was evaluated from the dependence of an 
in-phase component of ac-impedance on inter-distances of two parallel wire electrodes. Then it 
did not include any contribution of electric double layers or adsorption of latex. The values of z 
determined from the conductivity were 1 % of the loaded amounts of sulfonate moieties. They 
were proportional to a cube of the particle diameter. The relation of the ionic molar conductivity, 
λ=Dz2F2/RT, was confirmed by the proportionality of λ/D to z2 for four latexes, and mono-ions. 
The conductivity was mainly provided by the latex anions rather than hydrogen ion. 
Chapter 4 is devoted to voltammetry in low concentration of supporting electrolyte at 
normally sized electrodes. Latex particles with redox sites are an electrochemical tool of finding 
properties of colloidal dispersions. They include polystyrenesulfonic acid, polyallyamine, 
ferrocenyl derivatives, polyacrylic acid and polyaniline. These redox reactions may be supported 
by conduction of not only of counterions but also charged latex particles. A determination of a 
role in the ionic conduction may be useful for evaluating voltammetric rate determining steps. 
The conductometric results will support the validity of chapter3, which leads to the conclusion 
that the latex particle be a predominant charge carrier rather than hydrogen ion. The conductivity 
of the deionized suspension can be applied to salt-free voltammetry of hydrogen gas. 
Consequently, The suspension with [H+] = 10-5 M, corresponding to 8.9×105 number mm-3, 
including hydrogen gas showed a voltammetric oxidation peak of hydrogen, whereas 
hydrochloric acid with [HCl] = 10-5 M showed a resistive current-potential curve. 
Chapter 5 deals with potential-dependent component of electric double layer. Double layer 
capacitance vs. dc-potential curves do not involve a valley shape of Gouy-Chapman(GC)-Stern's 
type until ionic concentrations decrease up to 0.05 mM, because measured capacitance is 
controlled by the inner layer. The valley shape in the low concentrations can be measured in 
deionized sulfonic latex suspensions, whose conductance is brought about by the ionic latex 
particles rather than the dissociated hydrogen ion. The ac-impedance data are obtained at parallel 
platinum wires without insulating shield. The valley shape is found, which is analyzed by the 
inverse plot of the capacitance against the hyperbolic cosine of the dimensionless applied 
potential. The linearity of the plots seems to support the GC-theory, but the capacitance values are 
much larger than those calculated from the GC-theory. The extra amount can be attributed 
quantitatively to the orientation of solvent molecules by combining Debye's theory with the 
GC-theory. 
 
 
